Maternal micronutrient status and decreased growth of Zambian infants born during and after the maize price increases resulting from the southern African drought of 2001 -2002 Natural or man-made disasters that lead to decreased food availability may result in cases of severe malnutrition. However, these cases are only the tip of the iceberg and many more people are likely to experience hunger for macronutrients or 'hidden hunger' for micronutrients 1 , with consequences for their health. These people are often not a priority in emergencies, so the extent of their problems is frequently not addressed or even documented.
In southern Africa the rains came late and were insufficient for good maize production in late 2001. This resulted in increased prices for maize, the main staple in the region, for the following year, with prices approximately doubling in Lusaka, Zambia Many people went hungry but even those of higher incomes able to afford sufficient maize for energy balance may have lacked money for more expensive micronutrient-rich foods such as meat or fruits. Consumption of staples is likely to be relatively inelastic with respect to price 3 . For example, in neighbouring Zimbabwe energy intake is insignificantly affected by food price 4 ; and during the Indonesian financial crisis of 1998 when rice prices rose steeply, iron status of women and young children was more seriously affected than was weight 5 . In Zambia the national programme for fortification of sugar with vitamin A has resulted in sugar being an important source of vitamin A in the national diet 6 . Sugar is a luxury which is likely to be consumed less when more of the family food budget needs to be spent on maize. There appears to have been little research into the sources of vitamin E in Zambian diets, but maize oil is likely to be important.
In a fairly middle-class area of Lusaka, Zambia with a very high HIV prevalence 7 , we conducted a study of breast-feeding and postpartum health. Data collection took place from June 2001 until the beginning of January 2004, thus including times before, during and after the period of high maize prices. Throughout the study standardised health questionnaires were used by the same field staff to collect information from pregnant and lactating women and their infants. Blood was collected from women at 34 weeks' gestation and 6 weeks postpartum for analysis of haemoglobin, plasma vitamin A and vitamin E, and plasma acute-phase proteins. At birth, 6 and 16 weeks postpartum, infant weight and length were measured. We used these data to determine whether the maize price increases had any significant effects on the health and nutrition of this fairly protected urban population.
Subjects and methods
The longitudinal cohort study conducted in Chilenje, Lusaka, Zambia was designed to determine factors associated with subclinical mastitis among HIV-infected and uninfected women. The study received ethical approval from the ethics committees of the University of Zambia and the Institute of Child Health/Great Ormond Street Hospital. Details of the main study are published elsewhere 8 . Recruitment at 32 -34 weeks' gestation was carried out from June 2001 to July 2003 and follow-up to 16 weeks postpartum ended at the beginning of January 2004. Inclusion criteria for the study were residence within the Chilenje clinic catchment area, known HIV status, and written informed consent. HIV status could be either positive or negative but, since for cost and logistical reasons we aimed to recruit equal numbers of infected and uninfected women, there were more eligible uninfected women than could be recruited; the decision for recruitment was therefore based on the need to recruit similar numbers of infected and uninfected women in parallel.
At recruitment a senior midwife administered a standardised questionnaire investigating personal and socio-economic status and reproductive history. Gestational age was determined from the last menstrual period. Women's weight was measured by the senior midwife using a Soehnle digital balance and height using a Harpenden stadiometer. Venous blood samples (10 ml) were collected in heparinised tubes from non-fasting subjects for measurement of haemoglobin (by Hemocue, Dronfield, UK), plasma vitamin A and E, and the acute-phase proteins, C-reactive protein (CRP) and a 1 -acid glycoprotein (AGP).
Most deliveries took place at Chilenje clinic unless the senior midwife or study obstetrician referred them to the University Teaching Hospital (UTH). Since deliveries were facility-based, it was possible to obtain birth weight (UTH and Chilenje) using a digital balance and length (Chilenje only) using a length mat (Starters Baby Measure Mat) immediately after birth for most infants except the 24 who were born at home or in a clinic not involved in the study. There were 11 scheduled postpartum home or clinic follow-up visits for collection of maternal and infant health data up to 16 weeks postpartum. At the 6-week clinic visit maternal blood was collected and at weeks 6 and 16 infant weight and length were measured.
Laboratory analyses
Blood samples were centrifuged and plasma was stored frozen at 2808C until transport to London on dry ice for assay. Plasma retinol (vitamin A) and a-tocopherol (vitamin E) were measured together by high-performance liquid chromatography 9 . The interassay coefficient of variation of a pooled plasma sample was 6% for both retinol and a-tocopherol and there was no overall trend in the values of this quality control sample over the course of the study. a-Tocopherol was expressed as a ratio to plasma triglycerides, measured on a COBAS Fara autoanalyser using a commercial kit (Roche Diagnostics), since a-tocopherol is highly correlated with triglycerides 10 and plasma triglycerides increase during pregnancy 11 . CRP and AGP were measured by enzyme-linked immunosorbent assay and turbidimetry, respectively, as described previously 12 . Interassay coefficients of variation were 10% for AGP and 12% for CRP. In some cases biochemical data were missing because of laboratory error or there was insufficient plasma for all assays.
Statistical analyses
All data were double-entered into EpiInfo 6 (Centers for Disease Control and Prevention, Atlanta, GA, USA), crosschecked, and imported into SPSS 11.0 (SPSS Inc., Chicago, IL, USA) for analysis. Data for a-tocopherol/triglycerides, CRP and AGP were log-normally distributed and were transformed before analysis. The effect of maize price increases on maternal blood constituents was examined by dividing the samples according to the dates they were collected: before price increases, i.e. before January 2002; during high prices, i.e. January 2002 -April 2003; and after prices decreased again, i.e. May 2003 to the end of the study. Initial examination of data for vitamins, acute-phase proteins and haemoglobin suggested slight, although not always significant, seasonal effects. Therefore, a factor for season was included in analyses of the effects of maize price increases, where seasons were early dry (JuneAugust), late dry (September-November), early rainy (December -February) and late rainy (March -May), analogous to those found to have significant effects on birth weight in Harare with a similar climate 13 . Maternal HIV status was also found to affect the micronutrient and acute-phase protein levels, so HIV status was included as a covariate.
Infant anthropometry was expressed as standard deviation (Z) scores using the British growth standards 14 .
Analyses of Z-scores were run with and without controlling for gestational age at birth; results were very similar, so only values without the gestational age correction are presented. Analyses were first conducted as described above for maternal micronutrients using as independent variables the maize price period during which measurements were made, season and maternal HIV status. Secondly, anthropometric results were analysed by dividing infants into 3-month cohorts according to their date of birth. Birth dates began in June 2001 so that the 3-month intervals were in parallel with the seasons defined above. The four last infants, who were born in early September 2003, were included with the group born June to August 2003. The two types of analysis produced similar results but only the second ones are presented since these permitted easier identification of what period in foetal or infant life coincided with the increased maize prices. For both analyses, maternal HIV status was included as a covariate since it affected infant anthropometry.
Results
Of the initial 429 women, 186 HIV-infected and 186 uninfected women continued in the study to at least 6 weeks postpartum and 177 of each group until 16 weeks. Withdrawals were influenced by maternal HIV status since 36 uninfected women and 15 HIV-infected were lost to follow-up or moved out of the area. In addition, since the main study focused on breast-feeding, three HIV-infected women, but no uninfected women, were dropped from the study when they stopping breast-feeding before 16 weeks. Infants of five uninfected and 16 infected women died before 16 weeks. Table 1 shows socio-economic and other descriptive data of the women at recruitment when pregnant. The population was middle-income by Zambian standards. Most lived in medium-density housing, rated themselves as not poor, ate at least 3 meals a day, had electricity in the home and half had refrigerators. Most women were housewives whose main source of income was their husbands. Over a quarter of the women had some tertiary education. There were no socio-economic differences detected between HIV-infected and uninfected women. Height and weight indicated an adequately nourished population (although body mass index was not calculated since women were 34 weeks' pregnant). Mild anaemia, 90 -110 g l
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, was common but few women had severe anaemia. Figure 1 shows plasma retinol and a-tocopherol/ triglyceride data in pregnancy and postpartum according to the time of blood collection. Mean levels of both vitamins were within normal ranges 15 except for some slightly low values of retinol during pregnancy. Plasma levels of both vitamins were higher postpartum than during pregnancy. For retinol this was likely due primarily to pregnancy haemodilution 16 , whereas an additional factor for a-tocopherol/triglycerides is the increase in plasma lipids during pregnancy 11 . Seasonal variations are apparent, particularly for retinol during pregnancy and a-tocopherol/triglycerides postpartum.
The analyses of the effect of maize price increases on plasma vitamins are shown in Table 2 . For both vitamins A and E and both time points, HIV infection was associated with significantly lower plasma vitamin levels. There were significant effects of maize price increase on vitamin A during pregnancy and vitamin E postpartum, with -in both cases -the lowest levels found in samples collected after the maize price had decreased again. Low plasma retinol can result from infection 17 as well as from poor vitamin A status, and in the present study plasma retinol was negatively correlated with CRP during pregnancy (r ¼ 20.19, P , 0.001, n ¼ 396) and both CRP (r ¼ 20.26, P , 0.001, n ¼ 320) and AGP (r ¼ 20.21, P , 0.001, n ¼ 322) postpartum. Acute-phase proteins did not correlate significantly with plasma vitamin E. Therefore, analyses for retinol were rerun with AGP and CRP as additional covariates; results (not shown) were virtually unchanged.
There were no significant associations of season or maize price increases with maternal weight at recruitment or with haemoglobin, CRP and AGP at recruitment or 6 weeks postpartum (data not shown). Infant weight and length showed some seasonal variation, with a trend toward lower values for infants born from September to November (Fig. 2) . The effects of cohort on weight at 6 weeks (P ¼ 0.038) and 16 weeks (P ¼ 0.078) appeared to result largely from this seasonal effect. However, for length at 6 and 16 weeks, there was, superimposed on this seasonal variation, a progressive decrease throughout the study. Maternal HIV status was a significant covariate for all these analyses except birth length, with infected women having smaller infants.
Discussion
A period of increased price of the staple food, maize, had modest effects on plasma vitamin A and E levels of relatively middle-class urban Zambian women with no effect on their mean weight or mean haemoglobin. Such subclinical micronutrient deficiencies are sometimes known as 'hidden hunger' 1 and are not usually considered during food shortage emergencies unless macronutrient deficiencies are present. An adverse effect of higher maize prices was also seen on infant length at 6 and 16 weeks of age. Length decreased throughout the study and thus was lowest for infants who were born after maize prices decreased again and whose mothers had experienced high maize prices during pregnancy.
The nutritional shock to this population appeared milder than that in a similar analysis from Indonesia 5 in which non-pregnant women's body mass index was affected by the increase in food prices. Another difference between our study and the Indonesian analysis is that the sample size in Indonesia was much larger but was based on a series of cross-sectional population sub-samples, whereas ours used a longitudinal cohort. The Indonesian study investigated children under 5 years of age who were eating family foods whereas our study looked at young infants most of whom were exclusively or predominantly breast-fed.
The present analyses were unplanned (as was the drought) and used data collected for a different purpose. Therefore, it is important to consider factors that could influence the validity of the results and conclusions. Samples and questionnaire data were collected, anthropometry conducted and plasma micronutrients were measured by the same small team of midwives and laboratory staff throughout the study. Micronutrients were not analysed exactly in the order of sample collection since they needed to first be transported in batches to London; furthermore, aliquots of the same quality control plasma were used throughout the study and there was no trend to the values found for it. Dietary data were not collected.
Loss to follow-up in the study was fairly low and apparently unbalanced only with respect to maternal HIV status, which was controlled for in all analyses. Although numbers of infant deaths and subjects moving out of the area were too low to be analysed according to the time intervals with respect to maize prices, it was noticed that there was a cluster of infant deaths around the time when the maize price increases had lasted over a year; five of the total 21 infant deaths in the study occurred among the 46 women recruited between March and May 2003. It is possible that these mother-infant pairs were among the most food-insecure and perhaps if they could have been included in the analyses of week 6 and 16 results, the effects seen would have been larger. Liver stores buffer plasma vitamin A levels and fat stores plasma vitamin E, so that, in a previously reasonably wellnourished population -as this one was based on maternal height, weight and micronutrient markers -effects may not be seen for some time after the beginning of maize price increases. This may be the reason why only modest effects were seen for maternal plasma vitamins A and E. It is possible that no effects of maize price increase were seen for haemoglobin because liver stores could have supplied iron for haem synthesis.
The progressive decrease in infant length Z-scores at 6 and 16 weeks without an effect on birth length is of interest regarding the timing of the development of stunting. Our results support the hypothesis that stunting results in part from prenatal insults 18 . Infants born after maize prices had decreased again were the shortest; maize prices would have been high for at least part of the gestation of all these infants. The differences in length Z-scores of 1.06 at 6 weeks and 0.77 at 16 weeks between the first and last birth cohorts translate into length differences of 18 mm and 5 mm, respectively, and are large enough to be of public health importance. It is important to note that, as the primary study was concerned with breast-feeding, women were given excellent lactation counselling and support and all infants in the present analysis were exclusively or predominantly (usually just breast milk plus water) breast-fed through most of the follow-up. This indicates that optimal infant feeding practice was unable to overcome the in utero insult.
Although we found decreases in maternal micronutrient status which were associated with decreased infant growth after the food shortages, we cannot conclude that these nutritional deficiencies caused the poor growth. Maternal weight and markers of infection were not significantly affected by the maize price increases but it is possible that other unmeasured factors, including deficiencies of other micronutrients which are not buffered by body stores, could have been responsible for the decreased infant growth. It has recently been shown that there are longterm changes in body composition of rats whose dams were deprived of vitamins during pregnancy 19 . Our results suggest that trials investigating the benefits of maternal micronutrient supplementation on infant outcomes should follow infants beyond birth since the effects on later anthropometry were larger than on anthropometry at birth.
Our results provide evidence for the rest of the iceberg of malnutrition which results from food shortages. Although these middle-class women were not of lower weight when the staple food increased in price, they did have lower levels of some micronutrients. More importantly, their infants, although exclusively or predominantly breast-fed, were shorter if their in utero or early postnatal life was during the period of high maize prices. The results suggest that a broader aid response, reaching more than the destitute and visibly malnourished, is required during such food shortages. One possibility would be to provide cheap multiple-micronutrient supplements even to people, especially pregnant women, not receiving bulk food aid. The results also support current efforts towards supplementation of pregnant women with more micronutrients than just iron and folate in order promote maternal and infant health.
